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Abstract

Objective:Type 2 diabetes is associated with impaired respiratory and cardiovascular control. Physical exercise
training is a well-established tool in the treatment of diabetes. However, effects of short-term exercise training on
respiratory control in diabetes are unknown. Thus, we examined the effects of 4 weeks of exercise training (high
intensity interval- and continuous moderate exercise training; HIT and CMT) on cardiorespiratory control and aerobic
capacity in type 2 diabetes subjects.

Methods: Fifteen non-insulin dependent subjects with type 2 diabetes (4 female, 11 male, age 59.6 + 1.5 years,
BMI 29.5 + 1.0 kg/m?, HbA1C 7.0 + 0.3%) were randomized to either supervised HIT (N=8) or CMT (N= 7), both
equalized for the total amount of work, for 3 times a week over 4 weeks. At baseline and follow up, measurements
of hypercapnic and hypoxic ventilatory response (HCVR; HVR), Baroreflex Sensitivity (BRS) and VO, peak were
performed.

Results: Four weeks of supervised exercise training increased resting HCVR (from 0.55 + 0.1 t0 0.73 + 0.1 L/
min/mmHgCO,_ ), whereas HVR and BRS remained unchanged. VO, peak (27.5 + 1.4 versus 30.1 £ 1.6 ml/kg/min)
and VO, at anaerobic threshold (19.7 + 1.0 versus 21.9 + 1.3 mi/kg/min) increased in the whole group. No significant
changes between HIT and CMT were observed, except a slight increase in haemoglobin concentration after HIT.

Conclusion: Our findings indicate that short-term exercise training increases HCVR associated with an
improvement in aerobic capacity in patients with type 2 diabetes. HIT might demonstrate a less time demanding
alternative to CMT. These findings are of clinical relevance, as exercise capacity predicts cardiovascular and overall

mortality.
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Abbreviations: ANS: Autonomic Nervous System; BRS: Baroreflex
Sensitivity; CMT : Continuous Moderate Exercise Training; CO,:
Carbon Dioxide: CO,-Et: End-Tidal CO,: DBP : Diastolic Blood
Pressure; FEV1: Forced Expiratory Volume In One Second; FEVC:
Forced Expiratory Vital Capacity; FPG: Fasting Plasma Glucose; HCVR:
Hypercapnic Ventilatory Response; HDL: High-Density Lipoprotein;
HIT : High Intensity Interval Training; HOMA-IR: Homeostasis Model
Of Assessment — Insulin Resistance; HR AT: Heart Rate At Anaerobic
Threshold; HR Max: Maximum Heart Rate; HVR: Hypoxic Ventilatory
Response; Sa0,: Arterial Oxygen Saturation; SBP: Systolic Blood
Pressure; SDNN: Standard Deviation Of All RR Intervals; VO,: Peak
Oxygen Uptake; VO,-AT: VO, At Anaerobic Threshold; VRT-CO,:
Ventilatory Recruitment Threshold To Carbon Dioxide

Introduction

Type 2 diabetes mellitus is a multifactorial metabolic disorder
with a worldwide increasing prevalence [1]. Generally, beneficial
effects of structured exercise training in type 2 diabetes patients are
well known and fitness level is inversely related to the prevalence of
diabetes mellitus [2,3]. However, to our knowledge, the effect of
exercise training on respiratory control is unknown. In addition to
the known metabolic effects of diabetes, abnormalities of autonomic
regulation, which represent one of the most important complications
in type 2 diabetes, lead to impaired insulin resistance and predispose
to or aggravate renal, cardiac, vascular and/or ocular complications.

Autonomic abnormalities do not seem to originate from anatomical
lesions only and might therefore be at least to some extent, reversible
by an appropriate intervention, as previously shown by our group [4,5].

In diabetes, chemoreflexes were found to be impaired, showing
decreased ventilatory responses to hypoxia (HVR) [6-9] and hypercapnia
(HCVR), irrespective of evidenced autonomic neuropathy [8-10]. In
addition, baroreflex sensitivity (BRS) was reported to be blunted in these
patients [11]. Endurance exercise has previously shown to beneficially
affect the autonomic system in patients with cardiovascular diseases [12].
However, studies examining the effects of exercise training on autonomic
function in diabetes are scarce and mainly concentrate on measures of
cardiovascular control [13,14]. To our knowledge, little is known about
the effects of short-term endurance exercise on cardiorespiratory control,
i.e. HVR, HCVR and BRS in these patients.
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Indeed, international guidelines recommend at least 150 minutes
of moderate aerobic activity or even more (30 min, 5 dewk-1) [15]. Yet,
there is no clear specification of the exercise training for achieving most
beneficial effects, in particular with regard to its effects on autonomic
control. In order to maintain adequate glycemic control, the optimal
type of exercise (e.g. aerobic or resistance exercise) is still under debate
[16]. With regard to aerobic exercise both, Continuous Moderate
Exercise Training (CMT) and High Intensity Interval Training (HIT),
have been shown to improve glucose metabolism [2,17]. Although
exercise intensity has been demonstrated to be a better predictor for
total blood glucose control than exercise volume, only a few studies
evaluated the effects of HIT in type 2 diabetes patients, without
providing information about the effects on respiratory control [2,17,18].

Thus, the present study was designed to examine the effects of
supervised short-term aerobic exercise training on cardiovascular
and respiratory control and on aerobic capacity in type 2 diabetes
subjects. We primarily hypothesized that a 4-week supervised training
intervention would improve chemo- and baroreflex sensitivity and VO,
peak in patients with type 2 diabetes. An additional but only secondary
objective was to evaluate possible diverging effects of HIT and CMT.

Methods

Subjects

Fifteen type-2 diabetes subjects (4 female, 11 male) aged 50 - 65
years were invited to participate in the study. Patients were recruited
through general practitioners in the area of Innsbruck (550 m),
Austria. Exclusion criteria were the presence of exercise-limiting
pulmonary or musculoskeletal diseases, unstable diabetes, prior or
acute myocardial infarction, proliferative retinopathy, cardiovascular
complications, ventricular arrhythmias and artrial fibrillation,
smoking, insulin treatment, severe hypertension, unstable or stable
angina or other comorbidities which didn’t allow to persist the
exercise program. All medications were recorded before and after the
intervention. The majority of the subjects (n=12) was treated with oral
anti hyperglycaemic agents and 3 were unmedicated (diet-controlled
diabetes). Participants were asked not to modify their habits concerning
medications, nutrition and extent of physical activity. In order to
avoid baseline differences in performance levels between groups, the
allocation to one of the two training groups, either HIT (n=8) or CMT
(n=7), was accomplished by cluster randomization. Baseline data was
compared to the data obtained by 10 healthy age-matched controls (age
51.8 + 2.4 years, height 1.73 + 0.02 m, BMI 22.6 + 0.5 kg/m*> HCVR
0.88 + 0.13 Lmin"/mmHgCOz—ET, HVR 0.65 + 0.97 Lmin'% Sa0,,
Ventilatory recruitment threshold to carbon dioxide (VRT-CO,) 37.7 +
1.4 mmHg, Sa0, 97.0 £ 0.4 %). The study was carried out in accordance
with the Declaration of Helsinki 1978 and was approved by the Ethics
Committee of the Medical University of Innsbruck. All subjects gave
written informed consent at the beginning of the study.

Study protocol

Anthropometric data: Baseline and follow up measurements
have been performed by physicians and exercise physiologists at the
same daytime. Body height (cm) and weight (kg) were measured in a
standardized manner using calibrated devices.

Exercise testing: At the beginning and in the end of the intervention,
an incremental symptom-limited spiroergometric test was performed
on a bicycle ergometer (Ergoline 900, Schiller, Switzerland). Resting
heart rate and systemic blood pressure were measured in a sitting
position during a resting period before the start of the test. The initial

workload was 25 watts with an increase of 25 watts every 2 minutes.
Patients were instructed to keep a pedal rate between 70 and 80 rpm.
Heart rate was continuously recorded via a 6-lead electrocardiogram,
and the measurements of blood pressure and blood lactate concentration
(Biosen 5040, Magdeburg, Germany) were performed at the end of
each workload. Respiratory gas analysis was performed using an open
spirometric system (Oxycon Alpha, Jaeger, Germany). VO, , peak was
defined as the highest VO, averaged over 30 seconds before exhaustion.
The highest HR achieved in the test was set as HR _, whereas HR,
illustrates the heart rate at the anaerobic threshold. The exercise test was
terminated when participants discontinued due to exhaustion (pedal
rate<40 rpm).

Testing of cardiovascular and respiratory control: In order to test
chemoreflex sensitivity, HVR and HCVR were measured each on two
different days under standardized conditions with a 3-5 day interval
in between before and after the training intervention. The mean of
the two regression slopes was taken for analysis. Measurements were
performed in the morning 2h after a light breakfast in a supine position
in a temperature controlled and silent room. Patients were advised to
abstain from caffeinated beverages for 12h and from alcohol for 36h
before the investigations. Subjects were connected to a rebreathing
circuit using a mouthpiece, as previously described [19,20]. We
continuously measured end-tidal CO, (CO,-et) using a capnograph
connected to a mouthpiece (COSMO plus, Novametrix, Wallingford,
Connecticut, USA) and oxygen saturation (SaO,) using a pulse
oxymeter (3740 Ohmeda, Englewood, Colorado, USA). A heated Fleish
pneumotachograph (Metabo, Epalinges, Switzerland) in connection to
a differential pressure transducer (RS part N395-257; Corby, UK) was
applied for continuously measuring airway flow. ECG was recorded
using 3 chest leads and blood pressure was monitored continuously by a
digital plethysmograph (Finapres 2300; Ohmeda, Louisville, Co, USA).

For the testing of HVR, CO,-et pressure was held constant at the
resting CO,-et value of each individual subject by releasing a fraction
of the exhaled air into a scrubbing circuit (filled with soda lime) before
returning it to the rebreathing bag. The test was completed when
arterial oxygen saturation (Sa0,%) dropped below 80%. In order to
measure HCVR, Sa0,% was maintained constant at baseline levels
(>95%), permanently supplying oxygen to the circuit before starting
the rebreathing. An increase from baseline CO,-et to 13 mmHg CO,-
et above baseline was set as termination criteria for the test. Resting
data was obtained prior to each rebreathing test during 4 minutes of
spontaneous breathing of room air.

Data acquisition and analysis: Signals from ECG, blood pressure,
pneumotachograph, carbon dioxide and SaO, were transmitted online
to a personal computer (Apple Macintosh G3, Coupertino, California,
USA) at 600 samples/channel. The signal from ventilatory flow was
integrated by software and an automatic and interactive program
written in BASIC by one of our group members (L.B.) was applied to
identify every single breath.

Measurement of chemoreflex sensitivity: The slopes of the linear
regression of minute ventilation vs. 520, or CO,-et reflect the chemoreflex
sensitivity to hypoxia and hypercapnia, respectively. The response to
CO,-et is predominantly considered as an index of central chemoreflex
activity, whereas the response to hypoxia is mainly considered as an
indicator of peripheral chemoreflex activity. The “ventilatory recruitment
threshold” [VRT-CO,] describes the point at which the ventilation started
to increase during the testing of the hypercapnic ventilatory response.
VRT- CO, was identified by interpolating the ventilation/CO,-et plot
using a 4th-order polynomial function.
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Measurement of baroreflex sensitivity: Before and after the
exercise program BRS was measured during recordings on spontaneous
breathing on two separate days, respectively, with the mean value of
the two measurements entering the analysis. Time series of RR interval
(from each of 2 consecutive R waves of the electrocardiogram) and
Systolic Blood Pressure (SBP) were received from the original data. As
previous studies have shown a low correlation between different indices
of BRS, and no method has shown clear superior performance over the
other, the average of a set of 7 different tests was computed: positive
and negative sequence methods, the alpha coefficient in the low and
high frequency bands and its average, the transfer function technique,
and the ratio of standard deviations of RR interval and systolic blood
pressure variabilities [21-25].

In addition to the BRS, the Standard Deviation of the RR Interval
(SDNN) as a global index of heart rate variability was assessed. This
variable has a more normal distribution when compared to other
indices of variability (e.g. variance).

Exercise training: All subjects participated in a standardized and
supervised exercise training program on a bicycle ergometer 3 times
a week for 4 weeks. The High Intensity Interval Training (HIT) started
with a 7 minute warm up at 70 % of maximal heart rate (HR max; 60%
VO,peak [26]) in the beginning and continued with five 4-minute
intervals at 90-95% of HR max (85% VO, peak [26]) with an active
recovery of 3 minutes of cycling at 70% of HR max (60% VO, peak).
The training was completed by a 3-minute cool down phase at 70%
of HR max, resulting in a total exercise time of 42 minutes. In order
to equalize the total amount of work for both training groups, total
VO,-time relationship for the HIT group was divided by the intensity
previously defined for the CMT group (60% VO,peak). Therefore, the
calculated duration of exertion for the CMT group was 50.3 minutes at
a moderate intensity of 70% of HRmax (60% VO,peak). The application
of pre-defined training intensities for both groups was continuously
controlled by heart rate monitoring. The evaluation of the rate of
perceived exertion according to the Borg scale [27] was performed at
the end of each exercise session.Workloads were regularly adapted in
order to maintain the prescribed training loads.

Whole Sample
(n=15)
Mean (* SEM)

Gender (M/F) 11/4
Age (years) 59.6+15
Height (cm) 1745+1.5
Weight (kg) 90.2 +3.7
Body mass index (kg/m?) 295+1.0
Systolic blood pressure (mmHg) 1302
Diastolic blood pressure (mmHg) 79+1
Resting heart rate (beat/min) 82+3
Waist-to-hip ratio 1.05+0.3
Duration of diabetes (years) 9+1
Serum creatinine (umol/l) 0.86+0.3
FEV, (L) 35+0.1
FEVC (L) 39+0.2
FEV.,/FVC (%) 90.0+ 3.0

Data are presented as mean
between HIT and CMT group

HIT-Group (n=8)

Blood analyses: Capillary blood has been sampled from the
hyperaemized fingertip by means of heparinized glass capillaries
after 10 h of overnight fasting. Fasting Plasma Glucose (FPG), serum
creatinine, glycated hemoglobin (HbA, ), total serum cholesterol,
High Density Lipoprotein (HDL) and hemoglobin were determined
using standard local procedures (Reflotron® sprint, Boehringer
Mannheim, Germany; Miniphotometer LP 20, Dr. Lange, Germany),
before and after each exercise session. Non-fasting glucose levels were
obtained from capillary blood (Multicare In-Vitro Diagnostic System;
Biochemical System). Changes due to training were calculated as post
minus pre values (A).

Statistical analysis: A 2-way analysis of variance for repeated
measurements was applied in order to evaluate main effects (time:
effects of training within the overall sample; group: effects of
training modality), and interaction effects (time x group). Significant
interaction effects were followed by post-hoc procedures (t-test).
Within group changes with respect to baseline were evaluated by paired
Student’s t-tests. In order to determine the relation between individual
variables, Pearson’s correlation coefficient was computed. To estimate
the distribution normality of the variables, the Kolmogorov-Smirnov-
test (KS-Test) was used. Percentage changes in plasma volume were
calculated applying the equation derived from Dill and Costill [28]. In
order to evaluate the effect of training on non-fasting glucose levels,
A mean values for each training week (3 training days per week) were
calculated and then analysed using a 2-way Anova. Differences between
groups at baseline were analysed by means of unpaired t-test. Statistical
significance was set at a p-value<0.05 (two-tailed). Analysis of the
collected data was accomplished using the SPSS statistical-software
package 18. All data are presented as means * Standard Error of the
Mean (SEM).

Results

Baseline characteristics of the whole study sample are presented
in Table 1. No significant differences were observed in any of the
measured variables between sub-groups (HIT, CMT) at baseline. All
participants performed each of the 12 prescribed training sessions. The
training program was well tolerated and accomplished without any

CMT-Group (n=7)

Mean (* SEM) Mean (* SEM) p value
6/2 5/2

59.6 £ 2.0 59.6 +2.3 0.98
1743 +2.6 1747 +1.5 0.82
849146 96.1+5.3 0.13
27.8+1.0 31.5+1.6 0.07
130+3 1313 0.86
78+2 80+2 0.36
81+2 82+7 0.41
1.05+0.3 1.04£0.1 0.71
1M1+£2 7+2 0.12
0.90 £ 0.1 0.81+0.4 0.73
3.8+0.2 41+01 0.47
36+0.3 35+03 0.97
93.0+5.2 86.5+2.2 0.29

SEM. Forced expiratory volume in 1 second (FEV,), Forced expiratory vital capacity (FEVC). P value (unpairedt-test) for differences

Table 1: Baseline characteristics of the study population.
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complications by participants of HIT and CMT. Overall, all 15 study
subjects completed the 4-week exercise intervention. No correlations
were found among the measured parameters.

Data on respiratory and cardiovascular control

At baseline, diabetes patients showed significant lower HCVR and
higher VRT-CO, as compared to the control group (0.55 + 0.1 versus
0.88 +£0.13 L/min/mmHg COZ-ET; p=0.03 and 41.5 £ 0.6 versus 37.7 +
1.4 mmHg; p=0.04, respectively), and baseline oxygen saturation was
lower when compared to the healthy control group (94.7 + 0.4 versus
97.0 + 0.4 %; p=0.05). Respiratory and cardiovascular changes are
presented in Figure 1 and Table 2, respectively. In the whole group the
HCVR increased significantly significantly from baseline to follow up
(0.55 £ 0.1 versus 0.73 + 0.1 L/min/mmHgCO,-ET) within the overall
sample (time effect: p=0.04; F=5.0) but there was no significant time
X group interaction. HVR, VRT-COZ, BRS, RR-interval, SDNN, BPsys

BPdia .. HR .. and SaO2 remained unchanged (no significant

REST” REST, REST

= 128 iR
v o =
*

L/min/mmHgCO, ¢
o -
© N

'm!|
S o
w o

o

L/min/ %Sa0,

Pre Post

main or interaction effects) Only VRT-CO, tended to be different
between HIT and CMT (p=0.06 for time x group interaction).

Exercise data

Changes in exercise parameters are presented in Table 2. After four
weeks of supervised exercise training, VO,peak increased by 9.5% in
the overall sample (time effect: p<0.05; F=30.3) without significant
time x group interaction. VO,-AT increased by 11.2 % in the overall
sample (time effect: p<0.05; F=14.6) and showed a trend for a time
x group interaction (p=0.10; F=2.8). HR __tended to be higher after
the intervention (p=0.07; F=3.8) without significant time X group
interaction. Average rating of perceived exertion after training did not
differ between HIT and CMT (13.3 £ 0.5 versus 12.6 + 0.2; p=0.25).

Anthropometric and blood data

Effects of the training intervention on anthropometric and blood

2,14

1,8 4
1,5
1.2
09
06

0,3 4

-0,3

Figure 1: Hypoxic and hypercapnic ventilatory response to the training intervention

Changes of the whole sample are shown comprising high intensity interval- (HIT) [o] and Continuous Moderate Exercise Training (CMT) [c]. Mean values and
standard errors for the whole sample are presented as bold lines. Hypercapnic Ventilatory Response (HCVR) significantly increased whereas Hypoxic Ventilatory
Response (HVR) remained unchanged during the 4-week exercise intervention. *time effect: p<0.05 in comparison to baseline values.

HIT Group(n=8)

Baseline Follow-up Baseline
Respiratory and cardiovascular parameters
HCVR(L/min/mmHgCO, .,) 0.63+0.4 0.70+ 0.5 0.47 £0.3
HVR (L/min/%Sa0,) 0.37+£0.1 0.29+0.1 0.62+0.2
VRT-CO,(mmHg) 41.8+0.9 40.8+0.7 41.7+£0.7
BRS (ms/mmHg) 8.1+1.2 7.3+08 6.6+0.7
RR (ms) 900.3 £29.3 902.1 +31.7 885.2+36.2
SDNN (ms) 37.8+6.5 30.2+25 324148
BPsys ..., (MmHg) 1303 124 £ 2 1313
BPdia .., (mmHg) 78+1 76 +2 80+2
HR Lo, (b/min) 81+2 81+4 82+7
Sa0, (%) 94.6+0.5 94.3+0.5 94.7 +0.7
Exercise parameters
VO, (ml/kg/min) 283+1.9 314+22 26.6 £2.0
Workload (watt/kg) 211+0.2 24+0.2 1.90+0.2
VO, ,(ml/kg/min) 204+15 234 +417 19.0+1.4
HR,; (bpm) 1233 1307 1217
HR__ (bpm) 152+ 6 164 +7 153+ 6

CMT-Group (n=7)
Mean (* SEM) Mean (* SEM) | Mean (* SEM) Mean (* SEM)

ANOVA

(main effect) (main effect) (interaction)

training group time x group

Follow-up P-value | F-value | P-value | F-value P-value F-value
0.78+0.4 0.04 4.96 0.85 0.03 0.34 2.21
0.60+0.2 0.53 0.42 0.25 1.48 0.70 0.16
20+0.7 0.80 0.67 0.78 0.08 0.06 4.52
83+0.5 0.75 0.1 0.28 0.13 0.36 0.92
920.1 +33.2 0.18 2.06 0.42 0.69 0.29 1.24
325+4.1 0.43 2.81 0.76 0.99 0.12 2.81
127 £3 0.1 2.72 0.46 0.59 0.66 0.20
762 0.07 4.14 0.65 0.22 0.29 1.25
79+4 0.45 0.56 0.95 0.01 0.66 0.20
949+04 0.98 0.00 0.33 1.09 0.34 1.01
285+22 <0.001 30.31 0.45 0.60 0.19 1.80
21+£0.2 <0.001 31.14 0.29 1.21 0.43 0.67
20.1+1.7 0.002 14.55 0.30 1.16 0.10 2.84
121+6 0.21 1.58 0.50 0.48 0.21 1.70
153+ 4 0.07 3.83 0.56 0.38 0.09 3.29

Data are presented as mean + SEM. Ventilatory recruitment threshold to CO, (VRT-CO,), baroreflex sensitivity (BRS), standard deviation of all R-R intervals (SDNN),

systolic blood pressure at rest (BPsys,,), diastolic blood pressure at rest (BPdia.;), resting heart rate (HR

(VO,,,,), anaerobic threshold (AT), maximal heart rate (HR__,)

max

cest)» OXygen saturation (Sa0,). Maximal oxygen uptake

Table 2: Changes inrespiratory, cardiovascular and exercise parameters from baseline to follow up.
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data are shown in Table 3. Hemoglobin concentration changed over
time in the overall sample (time effect: p=0.01; F=11.1) and showed
a significant time x group interaction (p=0.04; F=5.3). HbA ., FPG,
HOMA-IR, cholesterol, HDL body mass and BMI remained all
unchanged. Calculated changes in plasma volume did not differ
between HIT (-5.5 + 1.4%) and CMT (-2.3 + 1.6%; p=0.15; F=0.4 for
time x group interaction) as well.

Exercise related changes in non-fasting plasma glucose values

Mean values of non-fasting plasma glucose from all 4 weeks of HIT
and CMT are illustrated in Figure 2. Mean non-fasting plasma glucose
levels dropped during each exercise training session (p<0.05). For the A
mean values calculated for each training week (week 1-4), no time effect
and no time x group interaction were observed. There were no changes
in medication during the intervention period.

Discussion
Main findings

The present study demonstrated significant increases in HCVR and
aerobic capacity after 4 weeks of supervised exercise training in type 2
diabetes patients independent of training modality, i.e. HIT and CMT.

200 -

N
o
o

100 4

Blood Glucose (mg/dl)
3

Pre Post Pre Post Pre Post Pre Post
Week 1 Week 2 Week 3 Week 4

Figure 2: Mean plasma glucose values and standard errors from week 1 to
week 4

Black bars represent High Intensity Interval- (HIT) and white bars Continuous
Moderate Exercise Training (CMT). Plasma glucose continuously decreased
after each training session (A values, *P < 0.05) without between group
changes (p for time x group interaction).

HIT-Group (n=8) CMT-Group (n=7)

Respiratory and cardiovascular control

To our knowledge, this is the first study to examine the effects
of regular exercise training on chemoreflex sensitivity in type 2
diabetes patients. In experimental diabetes, Harthmann et al. [29]
assessed improved chemoreflex sensitivity after physical exercise. The
chemoreflex is a known regulator of blood gases and oxygen delivery.
Some authors proposed defective respiratory reflexes to be causative
for unexplained cardiorespiratory arrests in diabetes patients with
autonomic neuropathy [10,30].

Our observations of reduced HCVR in the diabetes subjects at
baseline are in line with the findings of previous studies [5,6,9,10].
Baseline VRT-CO, was higher in the diabetic patients as compared to
the healthy controls, implying that a higher PaCO, is needed to start
ventilation. In addition, we observed lower baseline oxygen saturation
in the diabetes participants.

In the present study, we demonstrate that 4 weeks of exercise
training induced a significant increase in HCVR in patients with type 2
diabetes. Improving the ventilatory response in diabetes patients might
potentially reduce hypoxia and therewith the risk of severe diabetes
complications.

In contrast to a previous study by Loimaala et al. [14], reporting
improved BRS after 12 month of regular exercise training in patients
with type 2 diabetes and even after 2 weeks of physical exercise in
patients with uncomplicated coronary artery disease [12], we did not
see any improvements in cardiovascular control. A likely explanation
is that our intervention whilst able to induce an improvement in
respiratory reflexes, was yet too short to improve BRS in our diabetic
patients.

Aerobic exercise capacity

Generally, the measurement of VO, peak is implemented as a
standard method determining exercise capacity and cardiorespiratory
fitness in healthy and diseased individuals respectively [31].
Cardiorespiratory fitness is mostly reduced in diabetes patients [2]. Due
to the relationship between exercise capacity and increased morbidity
and mortality in people with diabetes mellitus, there is growing interest
in the assessment and improvement of VO, peak in those patients [32].

The demonstrated findings of increased exercise capacity after
HIT (+11%) and after CMT (+7%) are in line with previous studies
reporting VO, peak increases up to 12% after higher intensity training
and of about 9.5% after moderate intensity training [2]. Several studies

ANOVA

(main effect) (main effect) (interaction)

Mean (* SEM) Mean (* SEM) Mean (* SEM) Mean (* SEM) training group (time x group)
Baseline Follow-up Baseline Follow-up P-value F-value P-value F-value P-value F-value
Weight (kg) 84.9+16 84.9+47 96.1+5.3 96.0+5.3 0.29 1.07 0.13 2.60 0.58 0.33
BMI (kg/m?) 27.8+1.0 27.7+11 315+16 316+17 0.96 0.01 0.07 4.01 0.35 0.96
HbA (%) 7.1+0.3 74+03 6.9+0.5 7.0+04 0.07 3.55 0.78 0.09 0.41 0.71
FPG (mg/dl) 139.4 £ 11.1 146.3 £ 11.7 128.6 £ 13.4 129.9+15.9 0.52 0.38 0.44 0.63 0.69 0.17
HOMA-IR 6.4+20 72146 9.1+29 11.4+35 0.50 0.51 0.24 1.56 0.73 0.12
CHOL (mg/dl) 177+ 11 185 + 21 177 £ 18 168 £ 15 0.99 0.01 0.60 0.28 0.38 1.50
HDL(mg/dl) 50 + 4 535 44+3 413 0.78 0.03 0.08 3.52 0.09 3.33
Hemoglobin (g/dl) 13.7+05 14.1 £ 0.5* 145+0.4 146 £0.4 0.01 11.07 0.35 0.93 0.04 5.25

Data are presented as mean + SEM. *Significant changes within the group. Body mass index (BMI), glycosylated hemoglobine (HbA, ) fasting plasma glucose (FPG),
homeostasis model of assessment-insulin resistance (HOMA-IR), total serum cholesterol (CHOL), high-density lipoprotein cholesterol (HDL)

Table 3: Changesin anthropometric and blood data from baseline to follow up.
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indicate that higher training intensities are related to larger gains in
VO,peak [2]. However, many diabetes patients may not tolerate high
exercise intensities of longer duration. Contrary to continuous exercise,
interval training enables individuals to perform short working episodes
at higher intensities alternating with phases of active recovery. Thus,
current investigations highlight a more pronounced effect of high
intensity interval exercise compared to the common used moderate
intensities in endurance training. Such an effect was demonstrated
in healthy subjects, in patients with postinfarction heart failure and
metabolic syndrome [33-35].

In the present study, we observed a trend towards a higher increase
in anaerobic threshold after HIT, suggesting a more pronounced effect
of HIT on aerobic work capacity compared to CMT. Prolonging the
duration of the training intervention might strengthen this effect, as the
importance of the duration of an intervention was demonstrated for
instance by Moholdt et al. [36]. They observed increases in VO, peak
in the interval but not in the continuous group after 6 month, whereas
after 4 weeks changes in the two training groups were similar. Interval
training was well tolerated by the type 2 diabetes patients in our study.
As the total amount of work was matched in HIT and CMT, HIT was
less time demanding as compared to CMT. Irrespective of the training
modality, participants felt similar exertion as demonstrated by the same
average Borg rates of the two exercise groups, which can be explained
by the active recovery phases of lower intensity between the intensive
intervals in the HIT group.

Blood glucose and metabolic control

We observed a significant decrease in mean non-fasting plasma
glucose levels during each exercise training session. Without changes
between HIT and CMT. These changes indicate that both exercise
methods induce similar glucose declines during the particular activity
phases. The extent of decline did not change throughout the entire
exercise intervention, being in line with the unchanged HbA _ values
after the 4 week intervention. However, in implementing a prolonged
exercise period, Bweir et al. [37] demonstrated significant reductions in
weekly mean pre- and post-exercise glucose values in consequence of a
10 week exercise intervention.

The absence of changes in HbA _ is most likely due to the relatively
short duration in our study. Snowling et al. [38] found higher reductions
in glycosylated hemoglobin levels in exercise interventions lasting
> 12 weeks compared to <12 weeks (0.8 £ 0.1% versus 0.4 = 0.1%,
respectively) [38]. In our study, initial HbA, _levels of the participants
were not substantially increased (7.0 £ 0. 3%) when compared to
normal values. Thus, higher baseline levels of HbA . might more
rapidly change by exercise than lower levels. In contrast to fasting
plasma glucose, non-fasting plasma glucose levels after physical activity
are reported to be rather linked to cardiovascular disease, and a dose-
response relationship was found between exercise time and post load
glucose levels [39,40].

Blood Analysis

We observed a slight but significant time x group interaction,
indicating an increase in hemoglobin concentration after HIT. As a
potential mechanism, reduced plasma volume might have elevated
hemoglobin, as intense exercise appears to be associated with
hemoconcentration [41]. However, calculated changes in plasma
volume between HIT and CMT did not reach statistical significance.

Limitations

Limiting factors of our study are the small size of sub-groups (HIT,

CMT) and the duration of the intervention. Thus, the trends observed
in the HIT group might turn out more favourable when implementing a
larger study population and/or when the exercise training is prolonged.
In addition, in this study, the participants were predominantly male.
Another limiting factor is the subject selection from a pool of diabetes
patients without complications for safety reasons. Therefore, our
findings may be generalized to the overall diabetes population only with
caution. In addition, the maximal cycle ergometry test was symptom
limited, and premature termination of the tests may have led to a slight
underestimation of the peak power output in some cases. However, HR
max values were greater than 95% of the age predicted HR max (220-
age) [42].

Conclusion

The present study shows that supervised short-term exercise
training (4-weeks) was capable to increase HCVR and to improve
VO, peak in patients with type 2 diabetes mellitus. These findings are
of clinical relevance, as low exercise capacity predicts cardiovascular
and overall mortality, and an optimal exercise strategy still needs to
be found. With regard to our secondary objective, HIT is less time
demanding and might demonstrate an effective alternative training
strategy to CMT.
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